ABSTRACT. New series of metal complexes of Co(II), Ni(II), Cu(II), Zn(II), Pd(II) and Pt(II) with 4-(p-chlorophenyl)-1-(pyridin-2-yl)thiosemicarbazide (HCPTS) have been synthesized and characterized by elemental analyses, magnetic moment, spectra (IR, UV-Vis, 1 H NMR, mass and ESR) and thermal studies. The IR data suggest different coordination modes for HCPTS which behaves as a monobasic bidentate with all metal ions except Cu(II) and Zn(II) which acts as a monobasic tridentate. Based on the electronic and magnetic studies, Co(II), Cu(II), Pd(II) and Pt(II) complexes have square -planner, Ni(II) has mixed stereochemistry (tetrahedral + square planar), while Zn(II) is tetrahedral. Molar conductance in DMF solution indicates the non-ionic nature of the complexes. The ESR spectra of solid copper(II) complex show g|| (2.2221) >g⊥ (2.0899) > 2.0023 indicating square-planar structure and the presence of the unpaired electron in the dx2−y2 orbital with significant covalent bond character. The thermal stability and degradation kinetics of the ligand and its metal complexes were studied by TGA and DTA and the kinetic parameters were calculated using Coats-Redfern and Horowitz-Metzger methods. The complexes have more antibacterial activity against some bacteria than the free ligand. However, the ligand has high anticancer activities against HCT116 (human colon carcinoma cell line) and HEPG2 (human liver hepatocellular carcinoma cell line) compared with its complexes.
INTRODUCTION
Thiosemicarbazides and their metal complexes have the subject of interest in coordination chemistry for their variable donor properties.
1 They form stable and intense colored complexes which are used for spectrophotometric determination of metal ions in different media [2] [3] [4] and showed catalytic activity. 5, 6 Also, they have potentially beneficial as biological properties such as antibacterial, 
EXPERIMENTAL SECTION

Materials
The metal salts and reagents used in this work: CoCl 2 ·6H 2 O, NiCl 2 ·6H 2 O, CuCl 2 , ZnCl 2 , PdCl 2 , K 2 PtCl 4 , 2-hydrazinopyridine and 4-chlorophenyl-isothiocyanate were supplied from Aldrich and Fluka chemicals. The IR spectra, as KBr discs, were recorded using a Mattson 5000 FTIR Spectrophotometer. The electronic spectra, as DMF solution, were recorded on a Unicam UV-Vis Spectrophotometer UV2. The 1 H NMR spectra of HCPTS and its Pt(II), Pd(II) and Zn(II) complexes, in DMSO, were recorded on a EM-390 (200 MHz) Spectrometer. The mass spectra of the ligand and its metal complexes were recorded on 70 eV Shimadzu GC/MS -QP5050A instrument. The ESR spectrum of the Cu(II) complex was obtained on a Bruker EMX spectrometer working in the X-band (9.78 GHz) with 100 KHz modulation frequency. The microwave power was set at 0.001. The low field signal was obtained after 4 scans with a 10 fold increase in the receiver gain. A powder spectrum was obtained in a 2 mm quartz capillary at room temperature. Thermogravimetric analysis was performed using an automatic recording thermobalance type 951 DuPont instrument at heating rate 15 o C/min from room temperature to 800 o C in N 2 . Carbon, hydrogen and nitrogen content of the ligand and its metal complexes were determined at the Microanalytical Unit, Cairo University, Egypt. The Cl − content in the complexes was determined gravimetrically. 29 The Co(II), Ni(II), Cu(II) and Zn(II) analyses were carried out complexometrically according to the standard method. 29 Pd(II) and Pt(II) contents were determined using a Perkin Elmer flame atomic absorption spectrophotometer (Model AAnalyst 800); hollow cathode lamps for the investigated elements were used as spectral radiation sources (where λ = 247.6 and 265.9 nm and current = 30 and 15 for Pd(II) and Pt(II), respectively). The magnetic moment values were evaluated at room temperature (25±1 o C) using a Johnson Matthey magnetic susceptibility balance. The effective magnetic moments were calculated by applying:
where χ M is the molar susceptibility corrected using Pascal's constant for diamagnetism of all atoms in the complex and T is the absolute temperature. The molar conductance (10 −3 M solutions) of the metal complexes, in DMSO, was measured on a HACH conductivity meter model Sens ion 5. All the measurements were taken at room temperature on freshly prepared solutions.
Preparation of HCPTS
HCPTS was prepared by heating under reflux a mixture of 2-hydrazinopyridine (0.1 mol) and 4-chlorophenylisothiocyanate (0.1 mol) in 20 ml absolute ethanol for 2 h. On cooling, fine white compound was formed, filtered off, washed with EtOH and Et 2 O and recrystallized from EtOH (m.p. 175 C; yield 96%). The purity of the compound was checked by TLC.
Preparation of the Complexes
On mixing HCPTS (0.01 mol) in ethanol (20 mL) with 0.01 mol of the metal salt, precipitates were immediately formed. PdCl 2 and K 2 PtCl 4 were dissolved in double distilled water in the presence of NaCl in case of PdCl 2 . The reaction mixture was heated under reflux on a water bath for 2−3 h. On cooling, colored complexes were precipitated. They were filtered off, washed with ethanol then diethyl ether, dried and preserved in a vacuum desiccator over anhydrous calcium chloride.
Antibacterial Activities
The in vitro evaluation of antibacterial activity was performed against two bacterial strains, Staphylococcus aureus (Gram positive bacteria) and Escherichia coli (Gram negative bacteria). The bacterial species were grown in nutrient broth at 37 o C for 24 h. The ligand and its metal complexes were tested on solid media using the diffusion technique. 30 Sterile diameter sensitivity discs (5 mm) were impregnated with different concentrations of the ligand or complexes in DMSO. Discs of each tested compound were laid onto nutrient agar for bacteria. Plates were surface spread with logarithmic phase bacterial cultures (0.2 mL). A spore suspension (108 spores/ mL) for bacteria (0.5 mL) was also spread onto potato dextrose agar plates. The plates were then incubated for 24 h at 37 o C for bacteria. Antibiotic discs for Streptomycin were additionally tested as positive control. All determinations were performed in duplicate for each of the compounds. The average of two independent readings for each compound was recorded. The percentage inhibition in all of the replicates was calculated by the equation:
Where C is the diameter of the microbial colony in the control plate and T is the diameter of the microbial colony in the test plate.
In Vitro Anticancer Activity
The antitumor assays were performed employing the following cell lines: HCT116 (human colon carcinoma cell line) and HEPG2 (human liver hepatocellular carcinoma cell line) according to the method of Skehan et al.
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Human tumor cell lines were obtained frozen in liquid nitrogen from the American Type Culture Collection. The tumor cell lines were maintained in the National Cancer Institute, Cairo, Egypt, by serial sub-culturing.
Cells were used when 90% confluence was reached in T25 flasks. Adherent cell lines were harvested with 0.025% trypsin. Viability was determined by trypan blue exclusion using the inverted microscope (Olympus 1×70, Tokyo, Japan). Cells were seeded in 96-well microtiter plates at a concentration of 5×10 The IC 50 value was defined as the concentration of test sample resulting in a 50% reduction of absorbance as compared with untreated controls that received a serial dilution of the solvent in which the test samples were dissolved, and was determined by linear regression analysis. Doxorubicin was used as the standard.
RESULTS AND DISCUSSION
The color, melting point, elemental analysis and molar conductivity of the prepared complexes are listed in 
IR Spectra
The most important IR bands of the ligand and its metal complexes together with their assignments are summarized in Table 2 . Representative example for their spectra is given in Fig. 1 .
The spectrum of HCPTS exhibits characteristic bands at 3262, 3172 and 3131 cm
26 The ν(C=N) Py appearing as a strong band at 1598 cm
. The appearance of (C=N) Py and N 2 H bands at lower values than those reported suggests intramolecular hydrogen bonding.
27 Also, the two bands at 1512 and 1290 cm −1 were assigned to thioamide I and III, 
) of HCPTS and its complexes
Compound attributed to ν(OH). In the two complexes, the band appeared at 1635-1652 cm −1 is assigned to ν(C=N 2   ) . 26 The absence of ν(N Table 3 . Representative data are also shown in Fig. 2 . 
Electronic Spectra and Magnetic Moment
The electronic absorption spectral bands of the ligand and its metal complexes in DMF are reported in Table 4 .
The absorption spectrum of HCPTS in DMF shows a band at 35715 cm −1 and three shoulders at 31250, 24390
and 23150 cm −1 attributing to (π→π*) Py , (π→π*) C=S , (n→π*) Py and (n→π*) C=S . 26 The spectra of all complexes
show two bands at 30490-32895 and 27935-29940 cm Co(II) complex (Structure 2) has a magnetic moment of 2.1 BM, which fall in the region reported for one unpaired electron existing in both square-planer and low spin octahedral geometries. 35 The absence of octahedral characteristic bands excludes the low spin octahedral configuration, whereas the broad band at 17600 cm −1 may assigned to
in a square-planer geometry.
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The Ni(II) complex exhibits two bands at 21550 and 14750 cm −1 (Fig. 3a) and magnetic moment of 2.2 BM.
The data can be taken as evidence for the existence of mixed stereochemisty (tetrahedral + square planar). The first band is assigned to
in a square planer geometry while the second band is due to
T 2 in a tetrahedral geometry.
35
The green Cu(II) complex shows a broad band centered at 12625 cm −1 which may be due to the envelope of transitions
36 The other intense band at 25125 cm −1 may be assigned to LMCT (Fig. 3b) . Its magnetic moment (0.54 BM) is below the expected value which is attributed to strong intermolecular copper-copper interaction and/or due to the covalent nature of metalsulfur bond.
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The Zn(II) complex shows an absorption band at 25381 cm −1 attributed to the L to M charge transfer transition, which is compatible with this complex having a tetrahedral geometry. 38 The spectrum shows no bands in the region below 23000 cm −1 which is in accordance with the d 
ESR Spectrum
The spin Hamiltonian parameters and the G value of the solid Cu(II) complex (S=1/2, I=3/2) are calculated. The ESR spectrum of the complex (Fig. 4) displayed axially symmetric g-tensor parameters with g || (2.2221) > g ⊥ (2.0899) > 2.0023 indicating that the copper site has a d x 2 -y 2 ground state characteristic of square-planar or octahedral geometry. 39 In axial symmetry, the g-values are related to the Gfactor by the expression G = (g || − 2)/(g ⊥ − 2). According to Hathaway, 40 if the value of G is greater than 4, the exchange interaction between Cu(II) centers in the solid state is negligible, whereas when it less than 4, a considerable exchange interaction exists in the solid complex. The G factor in [Cu(CPTS)Cl] is less than 4 (G = 2.47) suggesting coppercopper exchange interaction. The molecular-orbital coefficients, α 2 (a measure of the covalency of the in-plane σ-bonding between the 3d orbital and the ligand orbitals) and β 2 (the covalent in-plane π-bonding) were calculated employing the following equations: (0.296) compared to β 2 (1.41) indicates that the σ-bonding in plane is more covalent than the in-plane π-bonding. 42 
Mass Spectra
The mass spectra of the ligand and its metal complexes confirmed the proposed formulae. The calculated and found molecular weights are given in Table 1 . The mass spectrum of HCPTS (Fig. 5) Table 5 .
Coats-Redfern
For n ≠ 1 lnX = ln where
For n = 1 lnX = ln where (2)
Horowitz-Metzger
For n ≠ 1 lnX=ln where Where α = (w o -w t )/(w o -w f ), θ = T-T s , T s is the T G peak temperature; T the temperature corresponding to the weight loss Wt; β is the heating rate (Kmin , ∆S in J mol
, h and k are Plank and Boltzmann constants. 41 The data obtained (Table 5) indicated that: · All decomposition stages showed a best fit for n = 1. The other values have no better correlation.
· The E a are moderately similar applying the two methods. · The negative values of ∆S* indicate that the activated fragments have more ordered structure than the undecomposed complexes and/or the decomposition reactions are slow.
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· The positive sign of ∆H* reveals that the decomposition stages are endothermic processes.
· The positive sign of ∆G* indicates that the free energy of the final residue is higher than that of the initial compound, and hence all the decomposition steps are nonspontaneous processes. Moreover, the values of ∆G* increase significantly for the subsequent decomposition stages of a given compound. This conclusion, as a result of the increasing of T∆S, reflects that the rate of removal of the subsequent species is lower than that of the precedent one. 46 This may be attributed to the structural rigidity of the remaining complex after the expulsion of one or more fragment, as compared with the precedent complex, which requires more energy, T∆S, for its rearrangement before undergoing any decompositional change.
Antibacterial Activity
The antibacterial activity of HCPTS and its metal complexes were studied against Staphylococcus aureus and Escherichia coli. The diameter of the zone of inhibition is read 24 h after incubation at 37 o C. Antimicrobial activity was estimated on the basis of the size of the zone of inhibition formed around the paper disks on the plates. Streptomycin was used as a standard. The results in Fig. 7 show that the complexes exhibit inhibitory effects towards the activity of the selected species in contrast to the parent organic ligand which is less active under the experimental conditions. The increased lipophilic character of these complexes seems to be responsible for their enhanced potent antibacterial activity. It may be suggested that these complexes deactivate various cellular enzymes, which play a vital role in various metabolic pathways of these microorganisms. It has also been proposed that the ultimate action of the toxicant is the denaturation of one or more proteins of the cell, which as a result, impairs normal cellular processes.
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In Vitro Anticancer Activity HCPTS and its metal complexes have been tested against two human cancer cell lines: HCT116 and HEPG2. The IC 50 values for these compounds were compared to Doxorubicin, an anticancer agent used nowadays. The result in Fig. 8 implies that HCPTS has more cytotoxic activity against the selected tumor cell lines compared with its metal complexes. Moreover, the IC 50 of HCPTS is comparable with Doxorubicin. The antitumor efficacy of HCPTS may be attributed to its binding to cellular Fe pools. This inactivates ribonucleotide reductase, the enzyme that catalyzes the conversion of ribonucleotides to deoxyribonucleotides. A strong positive correlation was established between RR activity and the rate of replication of tumour cells. The inhibition of RR prevents the production of deoxyribonucleotides. As a consequence these compounds interfere with DNA synthesis, thus decreasing the rate of replication of tumour cells and inhibiting tumour growth. The antitumour activity seems to be due to an inhibition of DNA synthesis in cancer cells produced by modification in reductive conversion of ribonucleotides to deoxyribonucleotides. 48 
CONCLUSION
